A variety of (ligand)-Metai(C0) 5 complexes have been prepared using germa-. phospha-and arsacarboranes as sigma-donor ligands. New types of bonding are observed in these complexes. 
SIGMA-BONDED METAL COMPLEXES OF GERMA-,
PHOSPHA-AND ARSACARBORANES AND THEIR DERIVATIVES A few years ago we prepared 1,2-B 10 H 10 CHP and rearranged it therma11y to L7-B 10 H 10 CHP 1 · 2 • A boron atom can be removed from either the 1,2-or 1. 7-isomer by reaction in retluxing piperidine to give 7,8-or 7,9-B 9 H 1 0 CHPrespectively 1 -3 . Attempted methylation of the icosahedral 1,2-and 1,7-B10H10CHP molecules was not successful. However, the open-cage anions reacted readily with methyl iodide to form 1,2-and 1,7-B 9 H 10 CHPCH/. The entering methyl group was found tobe attached to the phosphorus atom by an x-ray structure study of a metal complex of one of the phosphacarboranes4. This result suggested that the lone pair of electrons on the phosphorus atom might sigma-bond to transition metals.
Irradiation of a tetrahydrofuran solution of 7,8-B 9 H 10 CHP-and Mo(C0) 6 with a high pressure mercury-vapour lamp produced 7,8-B9H1 0 CHP· Mo(C0)5 in moderate yield The complex (1,7-B 9 H 9 CHP)zFe 2 -can be methylated on the phosphorus atoms 4 • 6 . Thus it seemed probable that the eleven-atom phosphacarborane 1igand might function simultaneously as a n-bonded ligand to··üne meta] and a sigma -bonded ligand to a second metal. An attempt to remove a proton from 7,9-B 9 H 10 CHP·Cr(C0)5 and n-bond the dianion with iron(n)_ chloride was not successfu1. The photochemica] reaction described be1ow, however, gave the desired product.
(1,7-B 9 H 9 CHEhFe To date these three-metal complexes have been characteri7ed by eiemental analyses. osmometer molecular weight infrared and 13 C n.m.r. Again apparent phosphorus-carbon spin coupling was observed with the cis carbonyl carbon resonance in the 13 C n.m.r. spectrum of one of these complexes. The proposed structure for the three-metal complexes is presented in Figure 2 .
A neutral phosphacarborane ligand can be obtained by an 'oxidativesubstitution' process on 7,9-B 9 H 10 CHP-as illustrated in the following reaction.
This substitution reaction was first reported by Hawthorne and co-workers employing the L2-B 9 H 10 C 2 H2 ion 7 
Sigma-bonded complexes of the germacarborane with Group VI meta] carbonyls have been characterized. We propose the structure presented in Figure 3 tor this type of complex. The structures of the two isomers have been determined by x-ray studies 13 • 14 . Figure 4 . The structure and numbering system of iso-B 18 H 22
RECENT DEVELOPMENTS IN THE STUDY OF CARBORANES
The B 18 H 22 isomers are formally related to B 10 H 14 and can be viewed as two decaborane molecules which are joined together and share in common atoms B(6) and B (7) in the decaborane numbering system (see Figure 4) . Owing to the structural similarity to decaborane, we have investigated some atom insertion reactions with the B 18 H 22 isomers which were successful with B10H14· Deprotonation of n-B 18 H 22 with sodium hydride to n-B 18 H~0 and reaction of the dianion with Co 2 (C0) 8 Figure 5 .
Decaborane-14 reacts with one equivalent of alkyl isocyanide to produce a one-carbon carborane of the general formula B 10 H 12 CNH 2 R 17 . The second boron hydride which has been found to undergo this reaction is i-BtsH22· i-B 18 H 22 + C 6 H 11 N==C ~ B 18 H 29 CNH 2 C 6 H 11
The NH 2 function is observed in the infrared spectrum and in the proton n.m.r. spectrum. The proposed structure for this new one-carbon carborane is presented in Figure 6 . Transition metals can be inserted into the carborane derivative by the following process. The metal atom may have 10 10 The removal of an arsenic atom from 1,12-B 10 H 10 CHAs and the reinsertion of a phosphorus atom to generate 1,12-B 10 H 10 CHP suggests that iso-B10H12CH-is the tridecahydro-1-carba-nido-undecaborate(l-)ion. The proposed structure of this ion is given in Figure 8 .
BORON-tl AND CARBON-13 N.M.R. STUDIES OF SOME CARBORANE DERIVATIVES Unlike proton n.m.r., there is still a Iack of understanding of the factors important in explaining 11 B n.m.r. chemical shifts. We have undertaken a systematic study of the boron n.m.r. spectra of various classes of boron hydrides 21 · 22 and carboranes. We hope these sturlies will give further insight into the boron chemical shift problems as well as to provide new information about the structure and bonding in these molecules.
The 70.6 MHz 11 B n.m.r. spectrum of 1,2-B 9 C 2 H1 2 is presented in Figure 9 .
The doublet of unit area at + 33. n spectrum of 9,12-Br 2 -1,2-B 9 C 2 H~0 is given in Figure 10 . Upon bromine substitution a boron resonance generally is found at lower tield than its position in the unsubstituted derivative. A doublet of area two at + 16.9 ppm in the spectrum of the parent compound is missing in Figure 10 and a large singlet has appeared at + 11 ppm. This suggests that the doubletat + 16.9 ppm in Figure 9 is associated with B(9,12). Using the same type of strategy with other substituted derivatives, the assignments given at the bottarn of Figure 9 were determined 24 .
The 1,2-B 9 C 2 H!" 2 ion or the Iahelied derivatives described in the previous section can be deprotonated with bases and reacted with cobalt(Iij chloride to insert the cobalt atom into the open· face of the carborane cage to form (1,2-B 9 C 2 H 11 }zCo-or labelled derivatives. The 70.6 MHz 11 B n.m.r. spectrum of(C2-B 9 C 2 H 11 }zCo-is given in Figure 11 The 70.6 MHz spectrum of 1,7-B 10 H 10 C 2 H 2 is given in Figure 12 and contains four doublets of relative intensities 2:2:4: 2. reading uptield. Using 1abe11ed derivatives the proposed assignment of these doublets is B (5,l2) ; B(9,10); B (4, 6, 8, 11) 26 . That is, within a given carborane molecule, boron atoms of1owest coordination number have the lowest field chemical shift in the 11 B n.m.r. spectrum. A correlation between the 13 C and 11 B chemical shifts of alkanes and analogaus boron-nitrogen compounds (coordination number = 4) has been observed 27 • Wehave completed a c.m.r. study which suggests that there isarelationship between the c.m.r. chemical shift and the carbon atom coordination number (C.N. = 4,5 or 6) in a series of polyhedral carboranes of the general type B 0 C 2 Hn+l (n = 3 to 10). 1,6-Dicarba-closodecaborane(lO) has C(l) in a five-coordinate position and C(6) in a sixcoordinate position. As indicated in Table 4 , there is a 24 ppm ditl'erence in 
